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BY F. STRATTON AND E. R. DIMOND
From the Regional Blood Transfusion Service, Manchester (RECEIVED FOR PUBLICATION JANUARY 25, 1955) It has been suggested by Wiener and Hurst (1947) and Wiener, Hurst, and Sonn-Gordon (1947) that mixtures of bovine albumin and human plasma are more effective as diluents for the detection of incomplete antibodies than the widely employed 20% bovine albumin introduced by Diamond and Abelson (1945) or the human plasma alone used by Wiener (1945) . This has been confirmed by other workers, and Mollison (1951) has recommended mixing a suspension of red cells in 20 % albumin with the test serum diluted in group AB human plasma.
The present investigation was undertaken to determine whether the 20% bovine albumin test, which is open to criticism on a number of grounds, could be improved by substituting a mixture of human serum and bovine albumin for the diluent. Human plasma was not used because of clotting difficulties. After initial experiments it was decided to compare 20% bovine albumin with an equal parts mixture of human serum and 30% bovine albumin. Saline, and often human serum alone, was also included in the comparisons which were made with respect to different blood group antigenantibody reactions.
Materials and Methods
Red Cels.-Red cells were obtained in the form of clotted blood. The cells recovered from the clot were washed three times in normal saline and packed. The supernatant saline was completely removed from the packed cells. They were then resuspended at 10% strength in the appropriate diluting fluid. The test cells were of group 0 unless otherwise stated.
Human Serum6-The serum used for diluting the bovine albumin was obtained from donors of group AB and was either fresh or had been kept frozen solid for varying periods of time, and is referred to as AB serum. It was free from all blood group antibodies and had no rouleau-forning properties.
Antisera.-These human sera contained Rh or other blood group antibodies of various strengths and had been preserved frozen solid.
Bovine Albumwi-Armour's 30% bovine albumin (or bovine plasma) was used in the tests. The 20% albumin was made by diluting this with half its This enhancement of titre has been described before and was found to be usually two-to eightfold. Fourteen incomplete anti-D sera of various titres were tested and all showed the greater effectiveness of serum-albumin in this respect. The control tests using Rh-negative cells all gave negative results. Table III shows the titration of three anti-Rh sera with various Rh-positive cells in different diluents. All these sera showed zoning when the titration was performed using 20% albumin, but the zoning in each case was of a different kind and degree. In Table III (a), the zone using R2r test cells was a marked one in the middle of the titration; it did not occur so markedly using type RXR1 (CDe/CDe) cells since the serum was of anti-C + D variety and zoning most commonly occurs only with respect to D. The serum in Table III (b) showed zoning starting earlier in the titration in 20% albumin. The third serum (Table III (c)) shows only a slight zone which is most marked in the lower dilutions, 1:1, 1:2, of the serum. It will be observed that the dilutions which gave negative results within the zones of the 20 % albumin titrations gave unmistakable positive agglutination with serumalbumin. In the case of the second and third sera, if a single tube albumin test were used, the weak result at 1: 1 might readily have passed unobserved, whereas with serum-albumin the corresponding result was + + +. Serum 20 F 30 (Table III ( There is little difference between the titres and strengths of agglutination using 20% albumin and serum-albumin, but both give a higher titre than saline. 
Commentary
The albumin test, which is widely used for routine purposes, suffers from certain defects. Some of these can be remedied by using serumalbumin mixture in the proportions suggested instead of the 20% albumin mixture normally used.
It has been shown (Stratton, 1953 ) that as many as 5 to 7% of weak Rh antibodies in the maternal serum might be missed if the 20% bovine albumin test were used alone; when a serum-albumin mixture is used many fewer Rh antibodies would remain undetected.
All serological techniques for the detection of blood group antigen-antibody reactions are liable to give false negative results due to the occurrence of zoning, but the albumin test is particularly prone to this phenomenon. This means that when using a 20% bovine albumin diluent a single tube test cannot safely be employed and the test should be performed in the form of a titration using up to six tubes. The results reported here show that a serum-albumin diluent reduces the danger of these false negative results. Even where the first tube of a serum titration shows a weak positive result, due to zoning when 20% bovine-albumin is used, the substitution of the serum-albumin mixture would result in a stronger positive result. It should not be assumed, however, that if a serumalbumin mixture is used every difficulty due to zoning will be eliminated in this test, but false negative results due to this cause will be considerably diminished. Stratton and Renton (1949) showed that the Du type of cells, especially if of low grade, will not react with incomplete anti-D sera in 20% bovine albumin, but if the Du type of cell is of high grade occasional positive reactions will be obtained depending upon the incomplete anti-D serum that is used. When a serum-albumin diluent is used, depending upon the particular anti-D sera, some low grade Du positive cells may be detected; even so, a zone may occur in these titrations. Many observers have shown that other substances will act in the same way as bovine albumin and human plasma or serum. Gelatin and dextran, for example, have been employed, and one of us found, of many substances tried, that methyl cellulose was the best. All these substances suffered from the defect that they tend to cause false positive results which make the interpretation of the test most difficult. The selection of a suitable test medium, therefore, involves finding one which will not give false positive results but will detect blood group antigen-antibody reactions with the minimum of difficulty.
In the authors' experience it is an advantage to add human serum in the proportions suggested to bovine albumin, and such a 50/50 mixture will not increase the false positive results or the difficulty of reading the test. The serum used in making the mixture should be free from blood-group antibodies and all rouleau-forming properties, and we are in favour of freezing it solid at least a week or ten days before making up the mixture. After mixing it is stored at 40 C. and not kept for more than a few days.
The reading and interpretation of the albumin test have always presented difficulty. The cell deposit should be carefully removed from the tube and spread upon a microscope slide. At this stage aggregation of the red cells is liable to b2 present, especially after centrifugation, and gives the effect of comets, i.e., a clump of cells from which a tail of cells can be seen trailing away. It is important to leave the slide.a few minutes on the bench before placing it under the low power of the microscope and then to examine a moving film. This is done by tilting the slide on the stage when the break-up of the cell aggregates will be observed, the true agglutinates remaining intact. In the case of saline agglutination tests, it is often possible to distinguish rouleau from true agglutination microscopically, but in the case of albumin or serumalbumin tests it is quite impossible to make this distinction.
The 
